Five strains, NBRC 3271 T , NBRC 3272, NBRC 3263, NBRC 3260 and NBRC 3269 were examined genetically, phylogenetically, phenotypically and chemotaxonomically. The DNA G+C contents of the five strains were 55.1-56.4 mol%. The five strains had low levels of DNA-DNA hybridization of 13-51 % to the type strains of Gluconobacter frateurii, Gluconobacter thailandicus, Gluconobacter oxydans, Gluconobacter cerinus, Gluconobacter albidus and Gluconobacter kondonii and formed a cluster that was separate from the type strains of the six Gluconobacter species given above in phylogenetic trees based on 16S rRNA gene and 16S-23S rRNA gene internal transcribed spacer sequences. The five strains weakly produced dihydroxyacetone from glycerol, but not 2,5-diketo-D-gluconate or a water-soluble brown pigment from D-glucose and contained ubiquinone-10. The five strains were assigned as representing a novel species of the genus Gluconobacter, for which the name Gluconobacter japonicus sp. nov. is proposed. The type strain is NBRC 3271 T (5BCC 14458 T 5strain 7 T , K. Kondo). Cells of the type strain are motile by means of polar flagella and the DNA G+C content is 56.4 mol%.
Members of the genus Gluconobacter are characterized physiologically as not being able to oxidize acetate and lactate and chemotaxonomically by having ubiquinone-10 (Q-10) as a major quinone (Asai, 1935; Asai et al., 1964; Yamada et al., 1969; Gosselé et al., 1983) . The combination of the phenotypic and the chemotaxonomic characteristics has been used to classify a large number of isolated acetic acid bacteria as belonging to the genus Gluconobacter (Yamada et al., 1999; Tanaka et al., 1999; Huong et al., 2007) .
At the time of writing, the genus Gluconobacter contained seven species with validly published names: G. oxydans (the type species), G. cerinus, G. frateurii, G. asaii, G. albidus, G. thailandicus and G. kondonii (De Ley, 1961; Skerman et al., 1980; Gosselé et al., 1983; Yamada & Akita, 1984a, b; Mason & Claus, 1989; Yukphan et al., 2004c Yukphan et al., , 2005 Tanasupawat et al., 2004 Tanasupawat et al., , 2005 Malimas et al., 2007 Malimas et al., , 2008 . G. asaii is considered to be a later heterotypic synonym of G. cerinus (Katsura et al., 2002; Yamada et al., 1999; Tanaka et al., 1999) .
The heterogeneity of strains assigned to G. frateurii was recognized by Malimas et al. (2006) , based on 16S-23S rRNA gene internal transcribed spacer (ITS) restriction and sequence analyses. In a restriction analysis of the 16S-23S rRNA gene ITS with six restriction endonucleases, the strains were largely divided into two groups, Group III and Group IV. However, Group III was further divided into Group III-1, Group III-2, Group III-3, Group III-4 and Group III-5. In a phylogenetic tree based on 16S-23S rRNA gene ITS sequences, the strains constituted three large clusters: (i) a large cluster that included strains of Group III-2, including the type strain of G. frateurii, Group IV and Subgroup III-1a; (ii) a second large cluster that included strains of Group III-3, including the type strain of G. thailandicus, and Subgroup III-1b; (iii) a third large cluster that included five strains of Group III-5, Subgroup III-4a and Subgroup III-4b. Phylogenetically, the five strains of the third large cluster were suggested to constitute a new taxon separate from either G. frateurii or G. thailandicus.
A similar cluster, designated Cluster 1-2, was recognized by Takahashi et al. (2006) in a phylogenetic tree based on 16S-23S rRNA gene ITS sequences. The five strains examined in this paper were included in this cluster and it was suggested that the strains should be classified as representing G. frateurii or a novel species.
In this paper we propose the name Gluconobacter japonicus sp. nov. to accommodate the five strains grouped into Group III-5, Subgroup III-4a and Subgroup III-4b. Extraction and isolation of bacterial chromosome DNA were performed by using a modification of the method of Marmur (1961) (Saito & Miura, 1963; Ezaki et al., 1983) . The DNA base composition was determined by using the method of Tamaoka & Komagata (1984) . The DNA G+C contents of strains NBRC 3271 T , NBRC 3272, NBRC 3263, NBRC 3260 and NBRC 3269, respectively, were 56.4, 56.4, 56.4, 55 .1 and 55.7 mol%, with a range of 1.3 mol%. The data obtained indicated that the five strains are included in a low DNA G+C content group, phenon A or a sublineage of G. crinus/G. frateurii, along with the type strains of G. cerinus, G. frateurii and G. thailandicus (Yamada & Akita, 1984a; Gosselé et al., 1983; Yamada et al., 1984 Yamada et al., , 2000 Mason & Claus, 1989; Tanasupawat et al., 2004) . DNA-DNA hybridization was carried out by using the photobiotin-labelling method with microplate wells, as described by Ezaki et al. (1989) (Yukphan et al., 2004c, d; Malimas et al., 2007) . Levels of DNA-DNA hybridization were determined colorimetrically (Verlander, 1992 of, respectively, 53, 51, 50, 57, 49, 100, 54, 27, 15, 15, 11 and 4 % and 49, 43, 39, 44, 40, 48, 100, 24, 16, 15, 12 and 5 %. Among the five strains studied, the calculated DNA-DNA hybridization levels were 70-100 %. Labelled DNA from strains NBRC 3272, NBRC 3263, NBRC 3260 and NBRC 3269 had levels of DNA-DNA hybridization of 34-48, 33-51, 19-29, 19-23, 12-19, 13-19 and 4-6 Malimas et al. (2006) and Takahashi et al. (2006) and as shown below that the two strains, NBRC 3271 T (5IFO 3271 T ) and NBRC 3272 (IFO 3272), constituted a third large cluster, the low levels of DNA-DNA hybridization of 45-56 % calculated by Tanaka et al. (1999) were reasonable from the phylogenetic point of view.
Phylogenetic analyses based on 16S rRNA gene sequences and 16S-23S rRNA gene ITS sequences were performed for the five strains, as described previously (Yukphan et al., 2004b, d; Malimas et al., 2006 Malimas et al., , 2007 . Multiple sequence alignments were made using the program CLUSTAL_X (version 1.81) (Thompson et al., 1997) . Sequence gaps and ambiguous bases were excluded. Distance matrices were calculated by using the two-parameter method of Kimura (1980) . The neighbour-joining method was used for constructing phylogenetic trees (Saitou & Nei, 1987) . In addition, the maximum-parsimony and the maximumlikelihood methods were used (Felsenstein, 1981 (Felsenstein, , 1983 . The robustness of individual branches was estimated by bootstrapping based on 1000 replications (Felsenstein, 1985) with the program MEGA (version 4.0; Tamura et al., 2007) . In particular, the program PHYLIP (version 3.6; Felsenstein, 1995) was used to construct a phylogenetic tree using the maximum-likelihood method.
In a phylogenetic tree based on 16S rRNA gene sequences of 1428 nt constructed using the neighbour-joining method, the five strains formed a cluster that was separate from the type strains of G. frateurii and G. thailandicus (Fig. 1) Malimas et al., 2006) . In phylogenetic trees constructed using the maximumparsimony and maximum-likelihood methods, similar clustering was found (data not shown). In a phylogenetic tree based on 16S-23S rRNA gene ITS sequences of 691 nt, constructed using the neighbour-joining method, the five strains formed a cluster that was similar to that obtained based upon 16S rRNA gene sequences (data not shown) (Malimas et al., 2006) . The data above indicate that the five strains can be separated phylogenetically from the type strains of the six Gluconobacter species studied.
Pairwise 16S rRNA gene sequence similarities of strain NBRC 3271 T (for 1430 nt) were calculated to be 100, 100, 99.9, 99.9, 99.9, 99.7, 99.2, 98.0, 97.9 and 97.9 %, respectively, to strains NBRC 3272, NBRC 3263, NBRC 3260 and NBRC 3269 and the type strains of G. frateurii, G. thailandicus, G. cerinus, G. oxydans, G. albidus and G. kondonii. The pairwise sequence similarities between the five strains were 99.9-100 %. Using the 16S-23S rRNA gene ITS sequences, the calculated pairwise sequence similarities of strain NBRC 3271 T (747 nt) were, respectively, 99.9, 99.9, 99.3, 99.7, 97.9, 97.4, 95.8, 83.4, 82 .7 and 82.6 %. The pairwise sequence similarities between the five strains were 99.3-100 %. The calculated pairwise 16S rRNA gene sequence similarities of 99.9 and 99.7 %, respectively, between strain NBRC 3271 T and the type strain of G. frateurii and between strain NBRC 3271 T and the type strain of G. thailandicus were high. However, based on the DNA-DNA hybridization data detailed above, strain NBRC 3271 T was separate genetically at the species level.
As the five strains studied could be distinguished from the type strain of either G. frateurii or G. thailandicus in the low DNA G+C content group by the 16S-23S rRNA gene ITS restriction analysis using TaqI (Malimas et al., 2006) , the 16S-23S rRNA gene ITS PCR products of the five strains were prepared and analysed by digestion with MboII, Bsp1286I and BstNI in addition to TaqI (Trček & Teuber, 2002; Yukphan et al., 2004a, b; Malimas et al., 2006) . As shown in Fig. 2(a, b) , the five strains could be distinguished from the type strains of G. oxydans, G. cerinus, G. albidus and G. kondonii using MboII and Bsp1286I digestions. In addition, the five strains could be distinguished from the type strains of G. frateurii and G. thailandicus by TaqI and BstNI digestions (Fig. 2c, d ). The data given above indicate that the five strains can be discriminated from the type strains of the six Gluconobacter species used by using 16S-23S rRNA gene ITS restriction analysis with MboII, Bsp1286I, TaqI and BstNI.
The morphological, physiological and biochemical characteristics of the five strains were examined as described previously (Yamada et al., 1976 (Yamada et al., , 1999 Katsura et al., 2002) and by Asai et al. (1964) , Gosselé et al. (1983) and Mason & Claus (1989) . The ubiquinone system was determined by using the method of Yamada et al. (1969) . The phenotypic and chemotaxonomic characteristics determined are given in the species description.
The five strains could be discriminated from the type strains of G. oxydans, G. albidus and G. kondonii, which are grouped in the high DNA G+C content group, by growth in the presence of L-arabitol (weakly positive in strains NBRC 3271 T , NBRC 3272 and NBRC 3263) and mesoribitol, as well as by the ability to grow without nicotinic acid (Table 1 ). The five strains weakly produced dihydroxyacetone from glycerol, different from the type strains of G. frateurii, G. thailandicus, G. cerinus, G. oxydans, G. albidus and G. kondonii. The five strains produced acid from mesoerythritol [different from the type strains of G. frateurii T , NBRC 3272, NBRC 3263, NBRC 3260 and NBRC 3269 (G. japonicus sp. nov.). The phylogenetic tree was based on 16S rRNA gene sequences and was constructed by using the neighbour-joining method. The type strain of Acetobacter aceti was used as an outgroup. Numbers at nodes indicate bootstrap percentages derived from 1000 replications. Bar, 0.005 K nuc .
from the type strains of G. frateurii (weakly positive) and G. oxydans. The five strains grew on meso-erythritol, different from the type strains of G. frateurii, G. thailandicus (weakly positive), G. oxydans (weakly positive) and G. albidus. In growth on pentitol, the five strains grew on D-arabitol (different from the type strains of G. oxydans and G. albidus) and on meso-ribitol [different from the type strains of G. thailandicus (weakly positive), G. cerinus (weakly positive), G. oxydans, G. albidus and G. kondonii].
The five strains could be discriminated from the type strains of G. oxydans, G. albidus, G. kondonii and G. cerinus by 16S-23S rRNA gene ITS restriction analysis with MboII and Bsp1286I (Table 1) (Yukphan et al. 2004a, b) . In addition, the five strains represented a different kind of restriction pattern especially from those of the type strains of G. frateurii and G. thailandicus by digestion with TaqI (Malimas et al., 2006).
As described above, the five strains studied could be distinguished genetically, phylogenetically, morphologically, physiologically, biochemically and chemotaxonomically from the type strains of G. oxydans, G. albidus, G. kondonii, G. cerinus, G. frateurii and G. thailandicus (Table 1) . A novel species is therefore proposed to accommodate the five strains grouped into the low DNA G+C content group, phenon A or the sublineage of G. cerinus/G. frateurii, with the name Gluconobacter japonicus sp. nov.
Description of Gluconobacter japonicus sp. nov.
Gluconobacter japonicus (ja.po.ni9cus. N.L. masc. adj. japonicus of Japan, where the type strain was isolated). T (5BCC 14458 T 5strain 7 T , K. Kondo), was isolated from fruit of Myrica rubra, Chinese bayberry, and has a DNA G+C content of 56.4 mol% and is motile by means of polar flagella. 
